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GOLDSTONE VALIDATION SURVEY - PHASE I 

William E. Carter 
Janos E. Pettey 

Yational Geodetic Survey 
National Ocean Survey, NOAA 

Rockville, MD 23852 

PBSTRACT. Results are given 50r a special purpose 
study conducted by the National Geodetic Survey (NGS) 
of the National Ocean Survey (NOS) at the Sational 
Aeronautics and Space Administr+tion/Jet Propulsion 
Laboratory (NASA/JPL) MARS Deep Space Station, 
located at the Goldstone Deep Space Communication 
Complex in California. The purpose was to determine 
the components of an approximately 330-m base line, 
used in space system validdtion studies, with an 
accuracy of 21 cm. Three-dimensional geodetic 
techniques were employed. 

The observational meth~ds of measurement are 
described. Input 3nd output of the least-squares 
adjustment program, HAVAGO, are listed as 
aL2sendices. 

INTRODUCTION 

This report presents the results of a special purpose survey 
canducted in the immediate vicinity of the NASA MARS Dezp Space 
Station (DSS 14). The MARS station is located at the Goldstone 
Deep Space Communication C~mplex, near Barstow, California. It 
is operated by the California Institute of Technology's Jet 
Propulsion Laboratory. 

William E. Carter served as NGS Project Manager and James E. 
Pettey served as Special Technical Advisor for the project. 
Field operations were under the direction of itichard Maxey, 
Chief of Geodetic Party G-48. 

The National Geodetic Survey, NOS, worked closely with JPL 
during the planning, site preparation, and field operation 
phases of the survey. 2rimary responsibility was assigned to 
NGS fcr developing a suitable survey scheme, taking the measure- 
ments, reducing the field data, and producing the final report. 
Th= Jet Propulsion Labcratory had primary responsibility for 
reviewins the survey scheme to ensure that it addressed all 
their needs, site preparation, and coordination between the 



survey activities and the operational activities at the MARS 
station. In addition, because of irresolvable scheduli~g con- 
flicts, certain measurements of the telescope itself were 
accomplished by JPL personnel and provided to NGS for inclusion 
in the final computat.ions. 

PURPOSE OF THE SURVEY 

The M A S  64-m antenna is regularly usea for Very Long Base- 
line Interferometry (VLBI) observations. In an effort to com- 
pare a variety of space techniques, certain collocation experi- 
ments will be conducted at the MARS station. A special facility 
suitable for use by the NASA transportable laser-ranging and 
VLBI systems has been constructed near the MARS antenna. 

The primary purpose of the survey was to determine the 
components (AX, AY, AZ) of the vector base line from the VLBI 
point of reference at the MARS antenna (DSS-14) to a monumented 
point at the new "validation" facility. The goal was to achieve 
an accuracy of +1 cm in each component, in a coordinate system 
defined by the FK-4 Fundamental Star Catalog, the Conventional 
International Origin (CIO), and Bureau International de 1'Heure 
time and pole position val~es. 

The survey also tied-in other points of interest in the area. 
(See Survey Scheme. 1 

BASIC FORMULATION 

The components of a line connecting two stationc on the Earth, 
expressed in a standpoint altitude-azimuth coordinate system, are 

AXA = B cos a cos v 

AYA = B sin a cos v 

AZA = B sin v 

where 

B is the chord distance between the stations, 

a is the azimuth of line R, 

v is the altitude of line B, 

Subscript A indicates an altitude-azimuth reference frame. 

This local coordinate system is not a very desirable reference 
frame in which to express the base line components because the 
orientation is defined by the local vertical which varies over 
the surface of the Earth in a very com~lex manncr. 



I f  t h e  as t ronomic  l a t i t u d e  and l o n g i t u d e  o f  t h e  s t a n d p o i i ~ t  
( i .e . ,  t h e  d i r e c t i o n  of  t h e  l o c a l  v e r t i c a l  w i t h  r e s p e c t  t o  t h e  
r o t a t i o n a l  a x i s  o f  t h e  E a r t h )  a r e  known, a p p r o p r i a t e  r o t a t i o n s  
can  be  made t o  e x p r e s s  t h e  b a s e  l i n e  components i n  a n  e q u a t o r i a l  
frame o f  r e f e r e n c e .  The components a r e  t h e n  g i v e n  by 

A s  = B  [ c o s  h (cos (I c o s  v - s i n  4 cos a  cos v)  - s i n  X cos a  c o s v ]  

AYE= B [ s i n  A (con @ s i n  v - s i n  $ c o s  a  c o s  v )  + cos Asin  a cos v ]  

A Z E = B  [ c o s  (I c o s  a  c o s  v  + s i n  (I s i n  v ]  

where 

B,  a ,  v  a r e  a s  p r e v i o u s l y  d e f i n e d  , 

(I is t h e  as t ronomic  l a t i t u d e  , 

h is  t h e  as t ronomic  l o n g i t u d e ,  

S u b s c r i p t  E i n d i c a t e s  an  e q u a t o r i a l  r e f e r e n c e  frame. 

It i s ,  o f  c o u r s e ,  w e l l  known t h a t  t h e  o r i e n t a t i o n  o f  t h e  
p h y s i c a l  body o f  t h e  E a r t h  w i t h  r e s p e c t  t o  t h e  a x i s  o f  r o t a t i o n  
v a r i e s  w i t h  t i m e .  T h i s  phenomenon is  commonly r e f e r r e d  t o  a s  
p o l a r  motion.  P o l a r  motion causes  t h e  components of  a l i n c  t o  
b e  t i m e  dependent ,  and i f  m u l t i p l e  d e t e r m i n a t i o n s  of t h e  :om- 
ponents  made a t  d i f f e r e n t  epochs a r e  t o  be compared, t h e  
observed v a l u e s  must b e  reduced  t o  a common epoch. A l l  a s t r o -  
nomic l a t i t u d e s ,  l o n g i t u d e s ,  and az imuths  used  i n  t h i s  su rvey  
were reduced t o  t h e  G m v e n t i o n a l  I n t e r n a t i o n a :  O r i g i n  u s i n g  
p o l a r  c o o r d i n a t e s  and t i m e  i n f o r m a t i o n  p u b l i s h e d  by t h e  Bcreau 
I n t e r n a t i o n a l  de  1 'Heure .  

The cancep t s  and e q u a t i o n s  which a r e  b r i e f l y  p r e s e n t e d  above 
form t h e  b a s i s  f o r  t h e  methods o f t e n  r e f e r r e d  t o  a s  three-dimen- 
s i o n a l  geodesy. S e v e r a l  books and p a p e r s  have been p r e p a r e d  on 
t h e  s u b j e c t ,  e . g . ,  Heiskaaen and Mor i tz  (1367) ,  Bomford (1!371), 
and Rapp (1975) .  The f i n a l  ad jus tmen t  o f  t h e  su rvey  was made 
by P e t t e y  u s i n ?  computer program HAVAGO. HAVAGO, deve loped  by 
T. Vincenty of NGS, combines h o r i z o n t a l ,  v e r t i c a l ,  and a s t r o -  
nomic o b s e r v a t i o n s  i n  a l e a s t - s q u a r e s  ad jus tmen t  acco rd ing  t o  
t h e  p r i n c i p l e s  o f  t h ree -d imens iona l  geodesy. 

SURVEY SCHEME 

"he VLBI r e f e r e n c e  p o i n t  a t  t h e  MARS an tenna  is  t a k e n  t o  b e  
t h e  p o i n t  where t h e  v e r t i c a l  (az imuth)  a x i s  i n t e r s e c t s  t h e  p l a n e  
c o n t a i n i n g  t h e  h o r i z o n t a l  ( a l t i t u d e )  a x i s .  There  i s  no p h y s i c a l  
component a t  t h i s  p o i n t ,  b u t  r a t h e r  it i s  a  p o i n t  i n  s p a c e  t h a t  
can be  l o c a t e d  o n l y  w i t h  r e s p e c t  t o  some a u x i l i a r y  monumented 
p o i n t .  



The VLBI r e fe rence  p o i n t  is  l o c a t e d  among t h e  s t r u c t u r a l  com- 
ponents of  t h e  t e l e s c o p e  and could  n o t  be convenient ly  occupied 
f o r  t h e  pcwposes of  surveying.  Ind%ed, no p o i n t  t h a t  could  be 
convenient ly  occupied was found very n e a r  t h e  f ies i red  p o i n t  of 
measurement. I t  was decided t o  e s t a b l i s h  a t e m ~ o r a r y  s t a t i o n ,  
des ignated  MARS COLLIMATION, nea r  ground l e v e l  and almost 
d i r e c t l y  beneath t h e  MARS VLBI r e f e r e n c e  p o i n t s .  (See f i g .  1.) 
The Jet Propulsiou Laboratory designed and i n s t a l l e d  a s p e c i a l  
observing p la t form and ins t rument  suppor t  s t r u c t u r e  i n  t h e  base  
s t r u c t u r e  of  t h e  master  e q u a t o r i a l  tower. From s t a t i o n  MARS 
COLLIMATION, it was p o s s i b l e  t o  look up t o  t h e  master  e q u a t o r i a l  
system and down t o  a b r a s s  s t a t i o n  marker cemented t o  t h e  f l o o r  
o f  t h e  suppor t  s t r u c t u r e  by use of  a v e r t i c a l  c o l l i m a t o r .  Lines 
of  s i g h t  from MARS COLLIMATION t o  s t a t i o n s  MARS CONTROL and 
WLDSTONE VALIDATION w e r e  c r e a t e d  by JPL by bor ing  20-cm 
d i a n e t e r  h o l e s  a t  a p p r o p r i a t e  l o c a t i o n s  i n  t h e  master  e q u a t o r i a l  
suppor t  s t r u c t u r e .  Both MARS CONTROL and GOLDSTONE VALIDATION 
were l o c a t e d  s o  t h a t  t h e  l i n e s  of s i g h t  passed through e x i s t i n g  
doorways i n  t h e  main t e l e sco?e  p e d e s t a l .  

The primary reason f o r  e s t a b l i s h i n g  s t a t i o n  MARS CONTROL was 
t o  provide redundancy i n  t h e  de tzrminat ion  of t h e  base  l i n e  
components. S ince  i t  was n o t  p o s s i b l e  t o  o b ~ e r v e  a s t r o n o m i . ~  
l a t i t u d e ,  long i tude ,  and azimuth from MARS COLLIMATION, it w n s  
n o t  p o s s i b l e  t o  s o l v e  f o r  t h ~  base  l i n e  components from indepeg- 
den t  de terminat ions  from each end o f  t h e  l i n e .  However, t h e  
a d d i t i o n  c f  ,MARS CONTROL allowed a comparison between t h e  d i r e c t  
measurement o f  t h e  GOLDSTONE VALIDATION-MARS ~ ' v L L I M A T I ~ N  v e c t o r  
wi th  t h e  sum of  t h e  GOLDSTONE VALIDATION-MARS 2ONTROL and MARS 
CONTROL-MARS COLLIMATION v e c t o r s .  

F igure  2 is  a s k e t c h  of  t h e  t o t a l  survey scheme. For b r e v i t y  
i n  t h e  d i s c u s s i o n s  t o  foi low, s t a t i o n s  w i l l  be i d e n t i f i e d  by t h e  
fo l lowing numeric codes: 

S t a t i o n  Name - I d e n t i f i c a t i o n  No. 

MARS 1963 [ 1001 

ARIES 1976 [ 1011 

GOLDSTONE VALIDATION [ 102; 

MARS CONTROL I 1 0  31 

MARS COLLIMATION [ 1041 

MARS VLBI [ 1051 

GOLDSTONE VALIDATION RM 1 12011 

GOLDSTONE VALIDATION RM 2 [ 2021 

GOLDSTONE VALIDATION FiM 2 [ 2031 
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Figure 1.--Sketch taken from JPL v i s i t o r  pamphlet, 
modlEied to ind ica te  the  l o c a t i o n  o f  temporary 
s t a t i o n  MARS COLLIMATION [104], the  VLBI refereace  
point  (1051, and the  brass  marker a t  the  base of 
the  master equatoria l  support s t ructure .  
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Figure 2.--Survey scheme. 



NGS OBSERVATIONAL PROGRAM 

ensure th at the desired accuracy of +1 cm was achieved in 
each component of the vector base line [1021-[105], both redundancy 
and multiplicity of measurements were employed. Instruments of 
several different types and manufacturers minimized systematic 
instrumentation errors. Measurements were made by more than one 
observer to reduce personal biases. The observing periods were 
also scheduled to minimize the effects of time-dependent atmos- 
pheric anomalies. 

Complete listings of all the measurements used in the adjust- 
ment are given in eppendix C. 

Astronomic Observations 

Astronomic positions were determined explicitly for stations 
[1001, [102], and [lo31 usinq FK-4 stars exclusively. Astronomic 
positions for the remaining stations were considered implicitly 
detemined based on their close proximity to one of these three 
staticns; i.e., to obtain the desired astronomic quantities for 
those stations not actually observed, gendetic positional dif- 
ferences were applied to the astronomic values of the nearby 
station. 

Historically, NGS has used the Horrebow-Talcatt method in the 
determination of latitu3e. This features the meridianal measure- 
ment of the small zenitk distance difference of two stars cul- 
minating on opposite sides of the local zenith withifi a f2w 
minutes. The tight constraints on zenith distance differences 
and time between transits of the stars forming a pair require 
that a catalog containing a large number of stars be used. 
The SAO catalog, which contains 258,937 stars, has been used 
for this purpose since 1968. Even though this catalog is re- 
ferred to the FK-4 system, it cannot be considered as defini- 
tively FK-4. 

To avoid placing qualifications on the reference system for 
the astronomic latitudes the Sterneck method was adopted, for 
which acceptable observing lists can be developed using only the 
1,500 plus FK-4 stars. The Sterneck method requires the measure- 
ment of absolute :enith distances. To minimize the influence of 
systematic refraction errors on the latitude results, a program 
involving an equal number of stars north and south of the zenith 
was specified. As an additional constraint, the mean declina- 
tion of all stars scheduled for a nightly observation program 
was required to be not more than 'lo from the station's assslmed 
latitude. 

Latitude determinations for stations [loo] , 1021 , and 11031 
were obtained by two observers with both a Kern DKM-3A and Wild 
T-4 theodolite observing the same stars simuitaneously. The re- 
sulting latitudes for stations [loo] and [lo31 invtlved single 



night determinations, while observations for station [lo21 
spanned two nights. Appendix A contains a list of the astro- 
nomic latitude determinations. 

Longitude determinations were made by the me-idian transit 
method (Hoskinson & Duerksen 1947) using the Wlld T-4 theodolite 
and Datametrics model SP-300 digital timing system. 

The following tabulation gives the number of longitude sets 
obtained at each station during the course of this prolect. 

Station No. of Sets - 

Each longitude set includes observations on seven stars. For 
station [100], there were an zdditional six sets obscrved in 1964. 
After careful analysis, all n h e  sets were combined to obtain 
the adopted station longitude. 

A summary of all the astronomic lcngitude determinations is 
presented 'n appendix A. 

Astronomic azimuths were cherved from stations 11001, 11021, 
and [103j. For the few lines not directly included in the azimuth 
observation program, azimuth orientations were obtained through 
angular tri~3fer using horizontal angles measured independently 
from the azimuth observations. 

In the azimuth ob~lrvation program with the DKM-3A theodolite, 
spccial observing techniques were used to minimize personal 
biases. Three observers, each observing LO positions, were used 
in each nightly azimuth determination. After each 10 positions, 
the theodolite was rotated 120' on the supporting tribrach to 
remove possiblz theodolite eccentricities. Theodolite focussing 
draw tube errors were rriinimized by installing a circular defrac- 
tion grating over the telescope objective lens. A slrmary of 
the astronomic azimuth determinations is included in appendix A. 

Electromagnetic Distance Measu-ements 

Four instruments (two .&A 100 Tel?urometers, one nlodel IV 
Ranger, and one model 3800 Hewlett-Packard) were used in the 
Electromagnetic Distance Measuremenis (EDM) among stations [ 100 I , 
[loll, [102], [103], and [1041. Standard point-to-point ranging 
techniques were used in all measurements with the MA 100 and 
model 3800 instruments. For the model IV Ranger measurements, a 
multiple path technique was used which enployed a flat first- 
surface mirror in conjunction with a retroreflector. This 
allowed range measurements to be made to all stations from a 
single instrument setup at station 11031. 



To illustrate the method, consider the lines [103]-[lo41 and 
[1041-[102]. The EDM instrument was positioned over station 
[103]. The mirror, gimbaled for azimuth and altitude adjust- 
ments', was positioned over station [104], and a retroreflector 
was positioned over station [102]. Measurements were first made 
to station [lo41 by direct ranging to the mirror. The mirror 
was then reoriented to achieve retroreflection from station [lo21 
and then the total distance of [1031-[104]-(1021 was measured. 
The distance (1041-[lo21 was obtained by the simple process of 
subtracting the distance [103]-[lo41 fram the overall distance 
[103]-i1041-[102]. Assuming that corrections for any instrunent 
and retroreflector offsets are properly applied, the distance 
obtained by this differencing process is inherently free of in- 
strumental constants. The lines [loll-[loo], [loll-[102], and 
[102]-[lo01 were measured in a similar manner. 

Meteorological measurements to determine the atmospheric 
index of refraction were taken at 15-minute intervals throughout 
the EDM observing periods. These measurements were made at each 
terminal using precise altimeters and asperated thermometers 
located at instrument/reflector heights. Periodic frequency 
measurements for each EDM instrument oscillator were taken to 
minimize systematic scale errors. 

Additional Observations 

As an additional verification of the EDM instrument measure- 
ments, two lines, [lo31 to [lo4 I and [loll to [1021, were measured 
with standardized tapes. Four invar and two steel tapes certi- 
fied by the National Bureau of Standards were used in these base 
line measurements. Standard base lifie procedures were employed 
as detailed in the "Manual of Geodetic Triangulation" (Gossett 
1971) . 

Recigrocal zenith distances were measured at stations [loo], 
[loll, [102], [103], and [104]. Fox stations [loo], 11021, and 
[103], these measurements were made in conjunction with the 
astronomic azimuth observations. To minimize systematic errors 
resulting from short term refracti~~ anomalies, the vertical 
measurements were observed nightly in two sets separated by ap- 
proximately two hours. 

As an independent check on the zenith distance measurements, 
first-order spirit level observations were obtained for all 
ground stations. 

1 This fixture was fabricated at the NGS Instrument and Equip- 
ment Branch, Corbin, Va., in s x h  a manner that the geometric 
center of the mirror's front surface is coincident with the 
mechanical intersection of the axes. 



The v e r t i c a l  d i s tance  from s t a t i o n  [lo41 t o  s t a t i o n  (105) was 
measured with two s tandardized steel tapes .  The tapes  were 
tensioned a t  5 kg. 

S t a t i on  11041 (MARS COLLIMATI3N) w a s  found t o  be s l i g h t l y  
eccen t r i c  t o  t he  v e r t i c a l  a x i s  of  t h e  telescope.  A sketch 
showing the  d i r e c t i o n  and magnitude o f  t he  o f f s e t  is  included 
i n  appendix A. 

JPL MEASUREMENTS 

Due t o  c o n f l i c t i n g  schedules,  it was not  poss ib le  f o r  NGS t o  
survey d i r e c t l y  t o  t h e  MARS VLBI reference point .  During t h e  
survey NGS, working with JPL personnel,  d id  r e l a t e  t he  survey 
t o  a reference mark on t h e  .naster e q u a t o r i a l  clssembly. 

Jet Propulsion Lzboratory subsequently measured the  height  of 
t h e  e leva t ion  a x i s  above t h i s  re fe rence  mark and t h e  eccen t r i c i t y  
of t h e  hor izonta l  a x i s  r e l a t i v e  t o  t h e  v e r t i c a l  a x i s  of t h e  
telescope.  Appendix B contains  a copy of J P L  correspondence 
r e l a t i v c  t o  these  measurements. 

Note t h a t  t h e  e c c e n t r i c i t y  which is q u i t e  small  ac tua l ly  
assumes no importance t o  t h i s  survey, s ince  t h e  VLBI reference 
po in t  is defined t o  be on t h e  v e r t i c a l  ax i s .  

CONCLUSIONS 

T h e  goals  of t h e  survey were achieved and, i n  f a c t ,  substzn- 
t i a l l y  exceeded. The components of  t h e  vec tors  between s t a t i o n  
GOLDSTONE VALIDAT108 [lo21 and t h e  o the r  s t a t i o n s  of t he  survey 
scheme a r e  l i s t e d  i n  t a b l e  1. 

Table 1.--Base l i n e  components 

From To AX +ox AY +oy AZ k u z  

AX, AY, AZ a r e  components of vec tors  between the  indicated 
s t a t i o n s  i n  meters. ax, uy, az  a r e  t h e  formal standard e r ro r s .  



Notice that the formal standard errm of each component of 
the GOLDSTONE VALIDATION-MARS VLBI base line [102]-[105] is 
20.002 m. Even allowing for reasonable unknown systematic 
errors, the components should be accurate to k0.005 m. --- 

The entire output of program HAVAGC is reproduced in 
appendix D. 
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APPENDIX A. NGS SUPPORTIVE DATA 

DKM 
3A 

Wild T 4  

DKM 3A 

DKM 3A t 

Figure 3.--Theodolite locations used for latitude observaticns. 



MARS COLLIMATION 

- 
(1051 - VERTICAL AXIS OF ANTENtiA 

Figure 4.--Eccentricity of MARS COLLIMATION I1041 from the Ver- 
tical axis of the Mars telescope. (All measurements are by 
direct measure.) 
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Table 2.--Astronomic latitude results 

Station Date Instrument 4 (CIO) 
0 I n 

DKM- 3A 35 25 35.59 
Wild T-4 35.31 

DKM- 3A 35 25 24.41 
Wild T-4 24.22 
DKM- 3A 24.29 
Wild T-4 23.91 

DKM- 3A 35 25 27.34 
Wild T-4 27.39 

Adopted 4 
0 I 

Table 3.--Astronomic longitude results 
- 

Station GCD Observer A (epoch) A (CIO) Adopted A 
0 I 11 I t  



APPENDIX B .  J P L  SUPPORTIVE DATA 

JET PROPULSION URORATORY (:ol,fo~nia I~rst t t t~tc  of Trcltnology 4800 Oak Grove Drive, Pmadrno, Calilornh 91103 + 
30 June 1978 

Dr. k i l l i a m  E. Car ter  
Nat ional  Geodetic S u r v q  
U. S. Department o f  Comneve 
Nat ional  Ocean Survey 
Rockvi 11 e , Mary land 20852 

Dear B i  11 : 

Attached i s  a sketch showing the values f o r  measurements JPL agreed t o  
perform a t  DSS-14. These values r e l a t i n g  the ME t o  the e l eva t i on  and 
azimuth axes should enable you t o  complete Phase I and issue t he  DSS-14 
shor t  basel ine f i n a l  repor t .  

The weather a t  Goldstone durinc, the measurements was no t  cooperat ive - i t  
i s  a very windy year. The accuracy o f  t he  e l eva t i on  ax i s  o f f s e t  i s  probably 
+ 0.020 inches. I w i l l  be L . ~ C u c t i n g  the e l eva t i on  ax i s  measurements again 
i n  the f u t u r e  t o  t r y  and improve on the  accuracy. I t h i n k  the values are 
adequate f o r  the  completion o f  t he  r e p o r t  and the up-coming meeting w i t h  
M r .  R. Stevens. 

(unre la ted t e x t  removed) 

S incere ly  , 

Kenneth P. Bartos, Supervisor 
Antenna Mechanical Gr5up 



BARTOS 
6 / W 8  

/ 
INNER SET OF 
ELEV AXIS TARGETS 

VLBl 
REFERENCE 
POINT 

/ 

' . 

LOCUS OF TANGENCY 
I OF ELEV AXIS ROTATING 

IN AZIMUTH 

ELEV AXlS IS 8.953" ABOVE MIRRCR COVER SURFACE USED BY NGS AS REFERENCE SURFACE. 
(MIRROR POINTING TO NADIR.) 

Figure 5.--Telescope elevation axis offset. 



APPENDIX C.--INPUT DATA FOR ADJUSTMENT 

The fol.Lowing computerized listing, using program HAVAGO, 
gives the input observational data for the Goldstone validation 
survey. 
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APPENDIX D.--OUTPUT DATA FOR ADJUSTMENT 

T h e  following computerized listing, using program HAVAGO, 
sh0w.q the output of the three-dimensional adjustment. 
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Determination of North American D a t a  1983 coordinates  of nap corners .  T. Vincenty, October 
1976, 8 pp (P8262442). P red ic t ions  of changes i n  coordinates  of map co rne r s  a r e  de t a i l ed .  

Rccent e l eva t ion  change i n  Southern Cal i fornia .  S.R. Hcldahl, February 1977, 19 pp (PB265- 
940). Ve loc i t i e s  of e l e v a t i o n  change were determined from Southern Ca l i f .  l e v e l i n g  d a t a  
f o r  190662  and 1959-76 epochs. 

Establishment of c a l i b r a t i o n  base l i nes .  Joseph F. Dracup, Char les  J. Fronczek, and Raymond 
U. Tomlinson, August 1977, 22 pp (P8277130). Spec i f i ca t ions  a r e  given f o r  e s t a b l i s h i n g  c a l i -  
b r a t ion  base l i nes .  

National Geodetic Survey pub l i ca t ions  on surveying and geodesy 1056. September 1977, 17 pp 
(PB275181). Compilation lists pub l i ca t ions  authored by NCS s t a f f  i n  1976, source ava i l a -  
b i l i t y  f o r  out-of-print  Coast and Geodetic Survey pub l i ca t ions ,  and subsc r ip t ion  information 
on the  Geodetic Control  Data Au tomt i c  ?'?iling L i s t .  

Use of c a l i b r a t i o n  base l i nes .  Charles J. Fronczek, December 1977, 38 pp (P8279574). De- 
t a i l e d  explanat ion  a l lows th. u s e r  t o  evs lua t e  e l ec t roaagne t i c  d i s t ance  measuring in s t ru -  
ments. 

App l i cab i l i t y  of a r r a y  algebra.  Richard A. Snay, February 1978, 22 pp (PB281196). Condi- 
t i o n s  required  f o r  the  transformation from matr ix  equat ions  i n t o  compuLattonallg more e f f l -  
c i e n t  a r r ay  equat ions  a r e  considered.  

The TRAY-10 ho r i zon ta l  netvork adjustment program. Charles R. Schwarz, Apr l l  1978, 52 pp 
(PB283087). The design.  ob jec t ives ,  and s p e c i f i c a t i o n s  of t he  ho r i zon ta l  c o n t r o l  adjustment 
program a r e  presented. 

Application of  three-dimensional geodesy t o  adjustments of ho r i zon ta l  networks. T. Vincenty 
and B. R. Bowing, June 1978, 7 pp (PB286672). A method is  given f o r  a d j u s t i n g  measurements 
i n  three-dimens-onal space v i thou t  reducing them t o  any computational surface .  

So lvab i l i t y  Analysis of Geodetic Networks Using Logical  Geometry. Rfchard A. Snay. October 
1978, 29 pp. No a lgor i thm based s o l e l y  on l o g i c a l  geometry has been found t h a t  can uner- 
r i ng ly  d i s t i ngu i sh  between solvable  and unsolvable ho r i zon ta l  nctworLs. For l e v e l i n g  net-  
works such a n  algorithm is wel l  knaun. 

NOAA Technical  Reports,  NOSlNCS subse r i e s  

The s t a t i s t i c s  of r e s i d u a l s  and the  d e t e c t i o n  of o u t l i e r s .  Allen J. Pope, May 1976. 
133 pp (P8258428). A c r i t e r i o n  f o r  r e j e c t i o n  of bad geodet ic  d a t a  i s  der ived on t h e  
b a s i s  of r e s idua l s  from a simultaneous leas t -squares  adjustment. Subroutine TAURE is  
included. 

E f fec t  of Ceoceiver observat ions  upon the  c l a s s i c a l  t r i angu la t ion  network. R. E. Moose 
and S. W. Htnriksen,  June 1976, 65 pp (PB260921). The use o f  Ceoceiver observat ions  is 
inves t iga t ed  a s  a means of improving t r i a n g u l a t i o n  netvork adjustment r e s u l t s .  

Algorithms f o r  computing the  geoporent ia l  us ing a simple-layer dens i ty  model. Fos t e r  
Ncec;rison. Marc11 1977, 41 pp (PB266967). Several  a lgor i thms a r e  developed f o r  computing 
v'ith high accuracy the g rava t a t iona l  a t t r a c t i o n  of a s imple-densi ty  l a y e r  a t  a r b i t r a r y  
a l t i t u d e s .  Computer program is included. 

Test  r e s u l t s  of f i r s t a r d e r  c l a s s  TI1 level ing .  Charles T. Whalen and Emery Balazs,  No- 
vember 1976, 30 pp (CPd 003417-00393-i) (PB265421). Spec i f i ca t ions  f o r  r e l eve l ing  the  
National v e r t i c a l  con t ro l  ne t  were t e s t ed  and the  r e s u l t s  published. 

Selenocentr ic  geodet ic  reference  system. Freder lck  J .  Doyle, Atef A. E l a s s a l ,  and James 
R. Lucas, February 1977, 5 3  pp (?B266046). Reference system was e s t ab l i shed  by simulta- 
neous adjustment of 1,233 metric-camera photographs of the  lunar  su r f ace  from which 2,662 
t e r r a i n  po in t s  were posit ioned. 

Application of d i g i t a l  f i l t e r i n g  t o  s a t e l l i t e  geodesy. C. C. Goad, May 1977, 73 pp (PB- 
270192). Var ia t ions  i n  the  o r b i t  of CEOS-3 were analyzed t o r  M t i d l 1  harmonic co- 
e f f i c i e n t  values which per turb  the  o r b i t *  of a r t i f i c i a l  s a t e l l i t e s  and the Yoon. 

Systems fo r  the determination of polar  motion. Soren W. Henrlksen, Hay 1977, 55 pp 
(PB274698). Methods f o r  determining po la r  motion a r e  descr ibed and t h e i r  advantages and 
disadvantages compared. 
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